
The Effects of Cigarette Smoking on T Cell Subsets
A Population-based Survey of Healthy Caucasians1-5

DAVID J. TOLLERUD, JEFFREY W. CLARK, LINDA MORRIS BROWN, CAROLYN Y. NEULAND,
DEAN L. MANN, LUBA K. PANKIW-TROST, WILLIAM A. BLATTNER, and ROBERT N. HOOVER

, Introduction
C SUMMARY To investigatethe influence of cigarettesmoking on mononuclear cell subsets,we de-igarette smoking is associated with a termined T cell, Bcell, monocyte, and HLA-DR+ subsets ina population-based, stratified, random
variety of alterations in the cellular im- sample of healthyCaucasians using monoclonalantibodies andflow cytometry.The study popula-

" mune system, including an elevatedwhite tion consisted of 282 subjects20 to 69 yr of age, including 108 smokers and 174nonsmokers. Mul-
blood cell (WBC) count and increased tivariate analysis techniques were used to assessthe influence of cigarette smoking status after

numbers of circulating lymphocytes (1- controllingfor the effects of ageand gender. Cigarette smoking wasassociated with a nonspecific

4).Advancesin flowcytometryandmon- increaseinthe leukocytecount involvingall majorcell types(smokers:8.50 ± 0.15versus nonsmok-

oclonal antibody technology haveyield- ers: 7.33 ± 0.12 cells/mm3; p _ 0.0001). In addition, cigarettesmokers had a selective increase in

ed new insights into the cellular immune CD4+ cells (helper-inducer T ceils) compared with nonsmokers (55.3 ± 0.8 versus 52.2 ± 0.6°/o

system, allowing the identification of of lymphoidceils; p = 0.002), resulting in a statistically significant increase in the CD4+/CD8+

subpopulations of lymphoid cells with (helper/suppressor)ratio(2.42 ± 0.1 versus2.13 ± 0.16; p = 0.02). There was no significant differ-ence between smokers and nonsmokers in the level of CD3+ cells (totalT cells: 76.8 ± 0.7 versus
distinct functional and antigenic char- 76.1 + 0.5; p = 0.5), CD8+ cells (supprsssor-cytotoxic T cells: 25.7 ± 0.8 versus 27.0 ± 0.5%; p
acteristics. Alterations in T cell subsets = 0.1), CD19+ ceils (B cells) (10.7 ± 0.4 versus 10.0 + 0.3%; p = 0.2), CD14+ cells (monocytes)
havebeendescribedin a variety of dis- (18.0 ± 0.6 versus 17.0 _+0.4%; p = 0.2), or HLA-DR+ ceils (14.5 ± 0.5 versus 14.0 ± 0.4%; p =
ease states (5, 6), but data on the in- 0.4). There were no significant differences in leukocyte count or mononuclear cell subset levels

fluenceof cigarettesmoking arelimited between ex-smokersand personswho had never smoked, suggesting that these effects resolved
and conflicting. While early reports sug- after smoking cessation.Further studies will berequired to delineate the mechanismsthat mediate

gesteda decreasein the ratio of T helper- sucha reversibleeffectofcigarette smokeexposureon circulating immunecells.
inducer cells to T suppressor-cytotoxic AM REV RESPIRDIS 1989;139:1446-1451

cells (helper/suppressor ratio), other re-
ports have shown an increase or no
change in this ratio among smokers white males from the telephone survey and were asked to undergo phlebotomy at a mo-
(7-11). These studies have been limited from census data were 34.08% and 34.60070, bile field station near their home. The partic-
by their use of small, highly selected respectively. A preliminary analysis of race- ipation rate for phlebotomy was74O/o.No sig-
populations, with little information on specificsmoking rates predicted a marked rel- nificant differences were found between par-
clinical and demographic characteristics, ative shortage of black smokers in older age ticipants and nonparticipants with respect to

To investigate the effects of cigarette groups in the population to be studied. There- demographic characteristics or socioeconomic
smoking on mononuclear cell subsets, we fore, budgetary and logistical constraints re- status. However, response rates for phlebot-quired exclusion of blacks and members of omy were highest for subjects classified as
studied a population-based, random sam- other racial groups from the pool of poten- nonsmokers (7907o)versus smokers (71%),
ple of healthy Caucasians from a large tial study subjects for analyses related to cig- males (75%) versus females (72%), age group
metropolitan area. Detailed medical and arette smoking. For similar reasons, the study 40 to 49 yr (80%), education 1 to 4 years of
demographic information was collected, population was restricted to adults between college (78%), occupation skilled or semi-
as well as socioeconomic data and infor- 20 and 70 yr of age. skilled (89070),and marital status divorced
mation on the use of alcohol and tobac- A telephone questionnaire was adminis- (8607o);and lowest for subjects classified as
co products. Multivariate techniques were tered to each potential study subject by a
used to identify the effects of cigarette trained interviewer to collect demographic,
smoking habits on leukocytes and pc- lifestyle, and medical information. Initially, (Received in orginalform November3, 1988)
ripheral blood mononuclear cell subsets. 3,888households were screened, from which741 potential white study subjects, stratified ' FromtheEnvironmentalEpidemiologyBranch,NationalCancerInstitute,Bethesda,Maryland,and

by age, sex, and smoking status, were ascer- the Departmentof Medicine,Universityof Cin-
Methods tained. Telephone interviews were completed cinnati MedicalCenter, Cincinnati, Ohio.

Study Population on 620 subjects (85%), of which approximate- 2 Supported in part by Contract Y01-CP-30500
A stratified, random sample of subjects in lyone-third were excluded from further con- from the U.S.Public Health Service.
the Washington, D.C. metropolitan area was sideration on the basis of lifestyle character- 3Presentedinpartat theAnnualMeeting of the
selected by random digit dialing using the istics (intravenous drug use, homosexual ac- AmericanThoracic Society, May 1985,Anaheim,
Waksburg method (12). The demographic tivity) or medical conditions (blood product California.
characteristics of the resulting sample (i.e., transfusion since 1975,recent hospitalization, ' Requests for reprints shouldbe addressedtoWilliam A. Blanner, M.D., Environmental Epidemi-
race, sex, age group, and number of persons severe allergies, use of steroid medications, ology Branch, NCI, NIH, ExecutivePlazaNorth-
in the household) were consistent with 1980 history of connective tissue disease, or recent Room434, Rockville, MD 20892.
census data for the Maryland-Washington, pregnancy) that might influence the immuno- _ Correspondence shouldbe addressedto David
D.C. Standard Metropolitan Statistical Area logic parameters under investigation. At the J. Tollerud, Channing Laboratory, 180 Longwood

(SMSA). For example, the percentages of completion of the interview, eligible subjects Avenue,Boston, Massachusetts02115.
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age group 20 to 29 yr (71°70), education less cence analysis using a combination of for- formed using log-transformed values for leu-
than 12yr (71%), occupation unskilled (69%), ward- and right-angle scatter. The forward- kocyte count, and arcsin-transformed values
and marital status single (70o70). Of the 304 angle light scatter window was set to exclude for mononuclear cell subset proportions, to
persons who completed phlebotomy, 22 were electronic noise, debris, and damaged or dy- achieve a more normal distribution of values.
excluded from further analyses for the fol- ing cells, while the right-angle light scatter The resulting significance estimates were simi-
lowing reasons: insufficient blood for analy- window excluded monocytes. Standard win- lar to the analyses presented for the nontrans-
sis (4), homosexual activity (8), intravenous dew settings were determined for each menD- formed values. Analysis of variance was used
drug use (2), recent hospitalization (3), aller- clonal antibody. After gating, only 1.9 + 0.1070 to test whether there were significant differ-
gy treatment (1), use of steroids (2), and preg- of cells were Leu M3 +, with no significant ences for mean WBC count and mononuclear
nancy (2). The final study population was differences between men and women, smok- cell subset proportions by smoking status,
composed of 282 white adults, 20 to 69 yr ers and nonsmokers, or older and younger usual number of cigarettes smoked per day
of age. subjects. For analysis of CD14 + cells (menD- (1 to 10, 11 to 20, 21 to 50), and total number

cytes), the right-angle light scatter window was of years smoked (1 to 10, I1 to 20, 21 to 60)
Specimen Processing opened to allow for viewing of all mononu- independent of age, sex, or correlates of smok-

, A venous blood sample was drawn by a clear cells (24). A total of 10,000 gated events ing (education and coffee and alcoholic bever-
nurse/phlebotomist in a specially equipped were collected for each monoclonal antibody age consumption) (25).
mobile van. Aliquots were submitted to a tested. The percentage of immunofluores-
commercial laboratory for complete blood cence positive cells was determined by sub- Results
count (CBC) and differential WBC count. Pe- tracting the negative control fluorescence
ripheral blood mononuclear cells (PBMC) from each monoclonal reagent, determined Study Population
were separated from heparinized venous by analysis of cells stained with mouse IgG The study population consisted of 108
blood by Ficoll-Hypaque density gradient of the appropriate isotype for the monocle- smokers and 174 nonsmokers, with ap-
centrifugation (LSM; Litton Bionetics, Rock- nal reagent tested. A series of quality-control proximately equal numbers of men and

ville, MD) and frozen in aliquots as previously experiments was carried out to evaluate intra- women in each 10-yr age group (table 1).
described (13) using a CryoMed controlled- analysis variation. Reproducibility was excel- The mean age was 42.9 _ 1.5 yr for
rate freezer and dimethyl sulfoxide. Immedi- lent, with a coefficient of variation ranging smokers and 44.5 ___1.0 yr for nonsmok-
atelyafter freezing, the vials were transferred from 2 to 5°70 for the major T cell subsets ers, with no significant difference be-

to the vapor phase of a liquid nitrogen stor- to a maximum of 15°70for B cells. Samples tween men and women. The smokingage freezer. After thawing the cells in prepa- were analyzed in random order, without
ration for flow cytometry analysis, viability knowledge of the demographic characteris- characteristics of current smokers are
by trypan blue exclusion was usually 90070, tics or smoking history of the study subject, shown in table 2. Smoking intensity, du-
while total cell recovery ranged from 80 to ration, and pack-years were equivalent in
100070 (13). Studies in our laboratory corn- Statistical Analysis men and women.

paring fresh versus frozen cells showed no sig- The study population was grouped into two Smokers and nonsmokers differed
nificant difference in the proportions of T smoking categories, nonsmokers and current with respect to educational level and oc-

cell subsets or B cells using this protocol (D. smokers, to assess the influence of cigarette cupational category. The proportion of
ToPerud, unpublished observations). The smoking on leukocyte count and mononu- current smokers decreased markedly as

proportions of HLA-DR+ cells and ungat- clear cell subset proportions. Persons who the level of education increased. Amonged Leu M3 + cells showed minor but statisti- smoked cigarettes at the time of the interview
cally significant differences between fresh and were considered "current" smokers; all others persons without a high school education,
frozen cells, suggesting that caution should were considered nonsmokers. The usual num- 68 °7owere smokers, compared to 22°70 of

be exercised in extrapolating data for these ber of cigarettes smoked per day (intensity) those with 5 or more yr of college. A high-
subsets to analyses performed on fresh sam- and the total number of years smoked (dura- er proportion of nonsmokers held profes-
ples. Inclusion of length of time frozen as a tion) were ascertained from the question- sional or managerial positions or jobs
covariate in multivariate analyses did not al- naires, and a lifetime estimate of the number in the technical category, whereas cur-
ter the results, of packs of cigarettes smoked (pack-years) rent smokers were more likely to have

was calculated as the product of these two jobs that were classified as sales work/

Monoclonal Antibodies and Flow variables, clerical or skilled, semiskilled, or un-

Cytometry Student's t tests were used to compare mean skilled. No major differences were ap-The following directly fluorescein-conjugated values for selected variables by age in 10-yr
monoclonal antibodies, purchased from Or- categories (20 to 29... 60 to 69), sex, and parent according to marital status. The
thoDiagnostics(Raritan, NJ)(Ortho)or Bec- smoking category. Linear regression analysis findings were similar when smoking
ton Dickinson Monoclonal Center (Moun- and analysis of variance were used to test the group comparisons were made for men
tain View, CA) (BD) were used: OKT3 (CD3 + independence of associations found in the and women separately.
T cells; Ortho) (14, 15); OKT4 and OKT4A univariate analysis. Analyses were also per-
(CD4+ helper-inducer T cell subset; Ortho) Leukocyte Count
(14-18); OKT8 (CD8+ suppressor-cytotoxic Cigarette smoking was associated with

T cell subset; Ortho) (15-17); anti-Leu 12 TABLE1 an increase in WBC count relative to non-
(CD19+ B cells; BD) (19); anti-Leu M3 smokers, including all major cell types
(CD14+ monocytes; BD)(20, 21); anti-HLA- AGEDISTRIBUTIONOF THE STUDY (figure 1). This increase in WBC count
DR (nonpolymorphic HLA-DR antigen; BD) POPULATION

was apparent across all age groups and
(22, 23); and mouse IgG1 (clone 11-63; BD) Smokers Nonsmokers for men and women separately. Neitherand IgG(a+b) (clones 11-4.1 and MPC-11; Age Group
BD) as negative control reagents. (yr) Men Women Men Women Total age nor gender was significantly associat-

ed with WBC count after controlling forPrepared samples were analyzed on a 20-29 11 8 12 16 47
fluorescence-activated cell sorter, FACS II 30-39 9 19 23 16 67 smoking status using multivariate tech-
(Becton Dickinson, Mountain View, CA) in- 40-49 12 10 25 15 62 niques. The differential cell count was
terfacedtoaPDP ll/24 DEC computer (Dig- 50-59 12 10 23 16 61 similar in smokers and nonsmokers, al-

ital Equipment Corporation, Landover, MD). 60-69 9 a 14 14 45 though smokers had a slightly higher
Viable lymphocytes were selected for fluores- Allages 53 55 97 77 282 proportion of eosinophils (2.3°70) than
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TABLE2 also independently associated with a
CIGARETTECONSUMPTIONBYCURRENTSMOKERS* small increase in the CD4 +/CD8 + ra-

tio without affecting the proportion of
Cigarettes per Day Pack-years

AgeGroup CD8 + cells. There were no significant
(yr) Men Women Men Women associations between cigarette smoking
20-29 19.5 ± 2.4 15.4 ± 3.3 4.8 -+ 1.2 7.0 ± 1.6 and the proportion of CD19+ cells (B
30-39 35.0 ± 7.2 22.8 -4"-4.4 27.6 ± 3.7 17.4 -+ 3.4 cells), CD14+ cells (monocytes), or

40-49 24.3 ± 3.4 24.5 ± 4.9 33.0 ± 7.0 22.9 ± 4.7 HLA-DR+ cells, although significant
60-69 20.0 -+ 3.0 26.2 ± 3.2 40.1 - 7.0 41.2 ± 7.5 age and gender effects were noted (ta-60-69 23.0 ± 3.1 25.0 ± 5.3 49.2 ± 6.3 41.2 ± 14.6

All ages 23.9 ± 1.9 23.0 ± 2.1 30.6 ± 3.2 27.8 ± 3.7 bles 4 and 5). As in the analysis of WBC

count, no significant dose effects of cig-
* Values are expressed as mean _+SE. arette smoking duration or pack-years

were detected, and adjustment for corre-

did nonsmokers (1.9°70)(p = 0.003). Be- CD4 + cells (helper-inducer T cells) com- lates of smoking did not alter the results.
cause of this nonspecific smoking-related pared to nonsmokers (table 4). However,

Analysis of Ex-smokersleukocytosis, current smokers had a sig- increasing age and female gender were
nificantly higher absolute lymphocyte also associated with a significant increase Among the 174 nonsmokers in the study,
count than did nonsmokers (p _<0.0001). in percent CD4 + cells, as well as a de- 66 subjects (43 men and 23 women) were
There was no detectable significant ef- creasein percent CD8+ cells (suppressor- ex-smokers who had smoked cigarettes
feet (p > 0.05) of smoking intensity, cytotoxic T cells) and an increased at some time in the past but were not cur-
smoking duration, or total pack-years of CD4+/CD8+ (helper/suppressor) ratio, rently smokers at the time of the inter-
smoking on the WBC count or differen- The association between cigarette smok- view. Ex-smokers had a mean age of 48.5
tial. Adjustment for correlates of smok- ing and increased CD4 + cells remained + 1.5 yr and had quit smoking an aver-
ing (i.e., age, educational level, and alco- highly significant (p = 0.002) after con- age of 10.7 yr prior to the study. For both
hol and coffee consumption) did not al- trolling for age and gender through mul- sexes combined, the usual number of cig-
ter the observed associations between tivariate analysis (table 5). Among cur- arettes smoked per day was similar for
cigarette smoking and leukocyte levels, rent smokers, the percentage of CD4+ ex-smokers (23.5 cigarettes per day) and

cells tended to increase with the number current smokers (22.5 cigarettes per day;

Mononuclear Cell Subsets of cigarettes smoked per day (p = 0.06 p = 0.7), although female ex-smokers
The range and distribution of mono- by linear regression analysis). There was had smoked less than male ex-smokers
nuclear cell subsets in the combined study no evidence of a decrease in CD4 + ceils (15.7 versus 27.8 cigarettes per day, p
population are shown in table 3. As a or the CD4+/CD8+ ratio, even among 0.01). There were no significant differ-
group, cigarette smokers had a small but heavy smokers who consumed 2 to 3 ences between ex-smokers and never
significant increase in the proportion of packs of cigarettes per day. Smoking was smokers for WBC count, differentialcell

count, or any of the mononuclear cell
subsets in this analysis. To evaluate the

10 effect of smoking cessation on leukocytes

_-- and T cell subsets, the data from ex-
o 9 smokers were analyzed by duration of¢--

.,, time since cessation of smoking. The× 8 -. _-... WBC count among ex-smokers was simi-

E _" ..___.i *[----- EOSINOPHILS lar t° never sm°kers' even f°r ex-sm°kers

E 7 --... <"L..........................................- - (2°0)"-- MONOCYTES who had stopped smoking less than 1 yr
2 (7%) before the study. In contrast, the elevat-
e ed proportion of CD4+ cells observed0: 6 - LYMPHOCYTES
LU among smokers was still present in ex-
t-_ (29%:3 smokers who had quit smoking within
tO 5- --- the previous year. By 2 to 4 yr after smok-...J
._J
,,, 4 - 27///////_ ing cessation, however, CD4 + cell levels

_//'/_ff/._z and the helper/suppressor ratio among

v ;_ ex-smokers were no longer elevated rela-

3 - tive to persons who had never smoked.133 NEUTROPHILS

2 _- 162"..,
Discussion

1 These data indicate that the major effect
of cigarette smoking on T cell subsets is
a relative increase in the number and

SMOKERS NONSMOKERS proportion of CD4+ (T helper-inducer)
lymphocytes. This smoking-related in-

Fig. 1. White blood cell (WBC) count and differential in smokers and nonsmokers. Total WBC count was 8,244 crease in CO4 + cells, with no significant
± 199 cells/mm 3 for smokers versus 7,360 ± 193 cells/ram 3 for nonsmokers (p < 00001). Values within bars change in CD8 + (T suppressor-cytotox-3
indicate cell count (cells/mm) for each cell type (asterisks indicate p < 0.0001 compared to nonsmokers). Corre-

sponding values for eosinophils: 190 (smokers) versus 140 (nonsmokers) (p < 0.0001). Values in parentheses indi- ic) cells, resulted in a small but signifi-
cate relativeproportionofeachcelltype. cant increase in the CD4 +/CD8 + (help-
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TABLE3 on the leukocyte count. Comparisons of
MONONUCLEAR CELL SUBSETS IN THE COMBINED STUDY POPULATION absolute cell counts will tend to show an

CellProportion* Cell Numbert increase among smokers due to the well-
Cell Monoclonal described, nonspecific leukocytosis as-

Surface Antigen Antibody Mean SD Range Mean SD Range sociated with cigarette use. This poten-
CD3 OKT 3 76.4 7.2 46.9-89.4 1,682 476 600-3,234 tial source of error is largely eliminated

CD4 OKF4A 53.4 8.1 32.0-77.0 1,177 374 409-2,723 by the use of cellular proportions or ra-

CD8 OKT8 26.5 7.5 7.1-54.5 584 238 127-1,722 tios rather than cell counts.
CD4:CD8 ratio 2.26 1.04 0.65-10.07 2.26 1.04 0.65-10.07
CD19 Anti-LEU 12 10.3 4.0 3.0-22.8 226 111 40-732 It is unlikely that sampling bias or tech-
CD14 Anti-LEU M3-1: 17.4 5.8 4.9-35.4 376 158 110-1,127 nical factors could beresponsible for the
HLA-DR Anti-HLA-DR 14.2 4.7 5.7-35.9 310 136 63-973 observed smoking-related differences.

• Percentageoflymphoidcells. The study population was drawn from
t Cellspermm'. a population-based sample with a rea-

• _tRight-anglelight scatter gate removed for determination of Leu M3+ cells, sonable cooperation rate, and subjects
were carefully screened for conditions or
exposures that might alter mononuclear

er/suppressor) ratio. Cigarette smoking low careful interstudy comparisons or ex- cell subsets. Only subjects meeting a se-
was not associated with alterations in the trapolation to other populations. As ries of predetermined health criteria were
proportion of total T cells, B cells, mono- demonstrated in this study, age, gender, included in the study. Detailed intergroup
cytes, and HLA-DR+ cells. In contrast and smoking-related effects may be sig- comparisons demonstrated previously
to the specificity of effects at the level nificant, particularly for CD4+ subset observed differences between smoking
of cellular subsets, the smoking-related determinations, and small differences in groups with respect to demographic char-
increase in leukocyte count observed was the makeup of comparison populations acteristics and socioeconomic status. How-
nonspecific, involving all major cell types may significantly influence the interpre- ever, controlling for these variables did
to a similar degree. These smoking- tation of study results. To avoid these not affect the results. All specimens were
related effects all appeared to be readily limitations, the current study incorporat- handled according to the same protocol,
reversible. The leukocyte count among ed rigorous epidemiologic methods to se- and all samples were maintained under
subjects who had stopped smoking less lect a random, population-based sample the same conditions of liquid nitrogen
than 1 yr prior to the study was similar of healthy study subjects, stratified to as- storage for similar lengths of time prior
to never smokers, while the smoking- sure a similar age and sex distribution to flow cytometry analysis.
related increase in CD4 + cells appeared among smokers and nonsmokers. Be- The smoking-related increase in
to require somewhat longer to resolve, cause so little was known at the time of CD4+ cells was extremely consistent
The number of ex-smokers who had re- initial study design about the influence across all groups and for males and fe-
cently quit smoking was insufficient to of age, gender, and smoking on T cell males separately. We were unable to
further evaluate the first year after smok- subset levels and the variability intro- document a clear dose effect, although
ing cessation, duced by testing samples over a pro- the level of CD4+ cells among current

Previous reports of cigarette smoking longed time period, the choice of popu- smokers tended to increase as the num-
and T cell subsets have expressed vari- lation size was largely empiric. The present ber of cigarettes smoked per day in-
able and conflicting results. Ginns and population size would be expected to creased (p = 0.06). It is noteworthy that
associates (7) reported a decreased help- reliably detect a 5 to 10°70difference in the expected dose effect of smoking on
er/suppressor ratio among a small group T cell subset proportions between smok- WBC count was also not detected. Our
of heavy smokers. Other investigators ers and nonsmokers usingthe described study population may have been too
have reported no change or a slight in- equipment and protocols, small to detect a true dose-response ef-
crease among smokers compared to non- A potential source of the conflicting feet, particularly at low levels or cigarette
smokers (8-11). These analyses have all results in previous reports of T cell sub- exposure. Alternatively, the full impact
been based on small groups of subjects, sets in smokers may be a failure to con- of cigarette smoking on T cell subsets
without sufficient descriptive data to al- trol for nonspecific effects of smoking may occur at a relatively low exposure

TABLE 4

MONONUCLEAR CELL SUBSETS IN SMOKERS AND NONSMOKERS, STRATIFIED BY GENDER*

Smokers Nonsmokers
Cell Monoclonat pt Smokers

Surface Antigen Antibody Men Women Men Women (versus nonsmokers)

CD3 OKT3 75.6 ± 1.0 77.9 +-. 1.0 75.9 +-. 0.7 76.5 ± 0.8 0.47
CD4 OKT4A 53.2 ± 1.1 57.2 ± 1.0:[: 50.8 - 0.8 54.1 - 0.9:[: 0.002

CD8 OKF8 25.9 ± 1.2 25.4 ± 1.0 28.1 ± 0.8 25.7 + 0.8 0.14

CD4:CD8 ratio 2.36 ± 0.16 2.48 ± 0.12 2.02 ± 0.09 2.34 ± 0.135 0.04

CD19 Anti-LEU 12 11.2 ± 0.6 10.2 _+ 0.6 10.2 ± 0.4 9.8 ± 0.4 0.19

CD14 Anti-LEU M3§ 18.9 ± 0.8 17.1 ± 0.8 17.6 ± 0.6 16.2 ± 0.7 0.17

HLA-DR Anti-HLA-DR 15.7 ± 0.7 13.6 ± 0.6:_ 14.5 ± 0.5 13.4 ± 0.5 0.42

• Values are expressed as mean _+SE percentage of lymphoid cells.

1 p value derived from two-tailed Student's t test comparing all smokers to all nonsmokers.
:1:p < 0.05 comparing man versus women within the same smoking category.

§Right-angle light scatter gate removal for determination of LEU M3+ cells.
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TABLE 5 study. Lancet 1971; 2:632-3.
2. Friedman GD, Siegelaub AB, Seltzer CC, et el.

MULTIPLE LINEAR REGRESSION ANALYSIS OF THE EFFECTS OF SMOKING,
GENDER, AND AGE ON MONONUCLEAR CELL SUBSETS* Smoking habits and the leukocyte count. Arch En-viron Health 1973; 26:137-43.

CurrentSmoking Gender Age 3. Chan-Yueung M, Ferreira P, Frohlich J, et el.
Cell Model The effects of age, smoking, and alcohol on rou-
Surface Antigen Intercept Coefficient (p) Coefficient (p) Coefficient (p) r-Square tine laboratory tests. Am J Clin Pathol 1981;

75:320-6.
CD3 76.85 0.72 (0.43) 1.01 (0.25) -0.048 (0.14) 0.02
CD4 41.61 3.08 (0.0016) 3.61 (0.0001) 0.121 (0.0006) 0.12 4. Vanuxen D, Sampol J, Weiller PJ, et aL In-
CD8 33.08 - 1.24 (0.18) - 1.84 (0.0420) - 0.076 (0.0246) 0.04 fluence of chronic smoking on leukocytes. Respi-ration 1984; 46:258-64.
CD4:CD8 1.032 0.269 (0.0348) 0.258 (0.0368) 0.0170 (0.0003) 0.08
CD19 12.40 0.58 (0.25) - 0.65 (0.18) - 0.032 (0.0811) 0.02 5. Ault KA. Clinical applications of fluorescence
CD14 20.61 0.95 (0.19) -1.52 (0.0303) -0.033 (0.20) 0.03 activated cell sorting techniques. Diag Immunol
HLA-DR 11.43 0.72 (0.20) - 1.51 (0.0053) 0.107 (0.0001) 0.12 1983; 1:2-16.

6. Schlossman SF, Reinholz EL. Human T-cell sub-

*Linearregressionmodelin theform:Y = A + B_X,+ B2X2+ B3X3,whereY representsthecellsubsetproportion(o/0),A sets in health and disease. Springer Semin lm- •
isthelinearintercept,Xl representssmokingstatus(0= nonsmoker,1 = smoker),X2representsgender(1 = male,2 = female), munopathol 1984; 7:9-18.
x3representsageinyears,andB, B2,andB3aretherespectivecoefficients.Apositivecoefficientindicatesanincreasein subset 7. Ginns LC, Miller LG, Gillich L, et aL T-
proportionforincreasingvaluesofx (e.g.,%CD4+ cellsishigherinfemalesthaninmales),whilea negativecoefficientindicates lymphocyte subsets in smoking and lung cancer.
a decreaseinsubsetproportionforincreasingvaluesofX (e.g.,% CD8+ cellsdecreaseswithincreasingsubjectage). Analysis by monoclonal antibodies and flow cytom-

etry. Am Rev Respir Dis 1982; 126:265-9.
8. Miller LG, Murphy M, Golstein G, et el. Re-

level or may be related to smoking char- speculation that race-related host factors, versiblealterationsin immunoregulatoryT-cellsin
acteristics (i.e., depth of inhalation) which as well as differences in socioeconomic smoking.Analysisbymonoclonalantibodiesand
we did not determine. Finally, it is possi- factors and access to health care, may in- now cytometry.Chest 1982;82:526-9.
ble that smoking is simply a marker for fluence disease development. Investiga- 9. BurtonRC, FergusonP,GrayM,et el. Effects

of age, gender, and cigarette smoking on human
another as yet unknown factor or ex- tigris are currently under way to address immunoregulatory T-cellsubsets:establishmentof
posure associated with an increase in these important issues, normal rangesand comparison with patients with
CD4 + cells. Although a quantitative In summary, cigarette smoking is as- colorectalcancerand multiple sclerosis. Diag Im-
dose effect could not be conclusively sociated with a selective increase in the mun 1983;1:216-33.
demonstrated, the trend toward an in- number and proportion of circulating 10. LaViaMF, Hurtubise PE, Parker JW, et el.T-lymphocyte subset phenotypes: a multisite evalu-
crease in CD4+ cells with increasing CD4+ cells, with relatively little effect ation of normal subjects and patients with A1DS.
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